hy-gain Model No. VB-216SAT 


2-Meter OSCAR Satellite Antenna 
Model 216 SAT 


INSTRUCTION MANUAL 


GENERAL DESCRIPTION 


The Hy-Gain Model 216 SAT is a high-perfor- 
mance "OSCAR" (Orbiting Satellite Carrying 
Amateur Radio) satellite antenna for the 145.8 - 
146.0 MHz frequency band. It features 
polarization switching circuity for manual selec- 
tion of either Right Hand Circular Polarization 
(RHCP) or Left Hand Circular Polarization 
(LHCP). This flexible design is suitable for 
worldwide applications with any of the amateur 
satellites having either an uplink or downlink in 
the 145.8 - 146.0 MHz frequency range, such as 
AO-10, FO-12, AO-13, DO-17, AO-16, LO-19, 
U 0-22, KO-23, RS-10, RS-11, RS-12, RS-13, 
etc. These include modes A, B, J, JA, JD, JL, 
KA, KT, and T. 


It is also usable over the entire 2-meter band, 
144-148 MHz; and could be used with future 
satellites placed near 144.5 MHz, or with ter- 
restrial modes such as repeaters and SSB/CW 
DX. The vertical and horizontal sets of elements 
may he fed with separate feedlines for total 
flexibility. 


The 216 SAT Antenna features 16 elements 
(total) on a 2.1 wavelength boom. Each set of 8 
elements is designed to give 10.7 dBd gain based 
on a quasi-logarithmic tapering of element 
spacings. This design also gives a very clean 
pattern, with very small sidelobes. The 216 SAT 
also features high efficiency "T" matched driven 
elements for easy assembly and high gain. True 
R F, 50 ohm switching relays are rated at 200 
watts PEP and contribute to improved VSWR. 
Feedpoints are encapsulated for long life in all 
types of climates. Most hardware is stainless 
steel including the element retaining rings 
(pushnuts). All insulators are UV protected. The 
coaxial assembly is made from high-quality 
Polytetrafluoethylene (PTFE) dielectric and 
Fluorinated Ethylene Propylene (FEP) jacketed 
coaxial cable. 


The 216 SAT "OSCAR" beam can be used with 
the Hy-Gain 70-30 SAT 70 cm OSCAR Beam 
and the 217S, fiberglass, 5 foot boom, or it can 
be used with other commercial or "homebrew" 
"OSCAR" antennas. The 216 SAT antennas may 
be stacked for more gain. 


SPECIFICATIONS 


Mechanical 


BoomsLeng thi.c695: Ghee ea Se ee 
Maximum Boom O.D. ............ccc cece ccc ee ee eees 
Turning Radius (Max) ...........cceeeeeceeceeee sent es 
Total Number of Elements .......................4. 
Longest Element ..............cceceeeeeeeeeneeeeeee eee ees 
Wind Survival.........c.cccc ce cececnceenececeesaeneneee os 


Mast/Boom Diameter Accepted 


Wall ATG ase ieee tat odeada des ter codeine she eve bcences 
Net. WelShtuiiccnssstegane, douse ctecageasta eat nessentiones 
Stacking Distance (MiN).............ceceeceeeeeeeeeees 


‘Aichi VES MLSNI ea oe 168.75 in. (429 cm) 
Eg ch uasnasas a aaataicceaie 1.25 in. (32 mm) 
eR re TT On Ure 8.ft. (2.44 m) 


Ind etittatiwela at wunenataak bake teanenin SS 39.5 in. (100 cm) 
my baailWlalies soeavetasloneas shaweusts 80 mph (128.7 km/h) 
oe Med eteekl as 1.250-1.625 in. (32 mm - 41 mm) 
sidusdbabe dudetdnadaduees tesvondytuess 1.1 sq. ft. (.102 sq. m) 
wos Gamd tbe Wacnaues nla genes debdemeuleebes 7 lbs.3 oz. (3.26 kg) 
sSigtadel ated: '....82 in. (2.08 m) (1.0 wavelength) 


PREPARATION FOR ASSEMBLY 
FOR OUR OVERSEAS CUSTOMERS: If you 
use the Metric System, see the American-to- 
Metric Conversion Table in the rear of this 
manual. Most illustrations in this manual will 
provide both American and Metric dimensions. 


Choose a moderate-sized clear area to assemble 
the 216 SAT OSCAR Beam. The area must be at 
least 5' x 5'(1.5 x 1.5 m) for each boom section. 
A bench vise is recommended to hold the booms 
while the elements are being installed. An 
alternate method is to drive a 5' (1.5 m) length 
of mast material into the ground and attach the 
entire boom and boom-to-mast bracket to this 
mast temporarily during assembly. 


If you assemble this antenna over a grassy area, 
precautions should be taken so that hardware is 
not accidentally lost during assembly. A con- 
crete driveway is an excellent area for 
assembly. 


Tools: The following tools are required for easy' as- 
seinbly of the 216 SAT OSCAR Beam: 


Oty Tool Type 
| Tape Measure, 1? ft. 
l Nut Driver, 1/2 inch 
l Nut Driver, 7/16 inch 
| Nut Driver, 48 inch 
| Nut Driver, | 1/32 inch 


...less than 1.5:1 
One nut driver should have a hollow handle. 
This can be used for pushing on the pushnuts. 
Standard wrenches or adjustable wrenches 
may also be used in place of the nut drivers. 


When unpacking your antenna, check inside of 
all tubing for small parts and elements. To con- 
serve space, these smaller articles are 
sometimes put inside larger pieces. Check all 
parts against the parts list in the rear of this 
manual to ensure no parts are missing. 


Make all measurements to the given dimen- 
sions, plus or minus, no more than 1/16 inch! 
The assembly of this antenna will be easier if 
you read this manual completely through at 
least twice and follow the recommended direc- 
tions. Allow at least 4 hours for assembly. 


BOOM ASSEMBLY 


Select the boom sections, boom-to-mast brack- 
et parts and hardware as shown in Figure 1. 
Identify the boom sections by their length and 
diameter, and identify the mating ends from the 
dimensions shown in Figure 1. Assemble the 
boom sections and boom-insert with the 
hardware as shown, and tighten securely. 
NOTE: Another complete set of element 
mounting holes exists in the vertical plane and 
is not shown in Figure 1. This set has element 
mounting holes which are offset approximately 
20 1/4 inches towards the front of the boom 
assembly. This is 1/4-wave (90 degrees) at 146 
MHz. 


Gain and Patterns verified by Yagi Optimizer 4.0 (C) and NEC, and by measurements of full size. antennas on lly-Gain's antenna range. (C) 


Copyright by Brian Beezley 


ef (2 PLACES) 


Ibem Ma, Deseription Them Mo, Description 
a Boom, from, 1 Wa" 2 $7 1a" Pi Bolt, L4"-20s R4", bew hend 
a Boom, mvid, 1 14° 2 57 1" ar Ubolt, S/L6"-18 x 2575 
10 Boom, rece, 1 1/4" 2 56° a Mot, #102, bex 
26 (4 PLACES) 11 Bixom, aplice, 1 La" x 4° cl Mut, 14"-211, hex 
14 Clamp, boom -io- nal 41 Mut, f16"-18 
7 14 Plate, back-up By Lockoasiveer, 1M" inbermal 
, 15 Caplug, 1 1/8", blac Hg Lockwasher, splis, 5/16" 
1a Caplug, 1 1/4", black ca) Loekwasher, #10 internal 
i Bolt, #10-24 2 1 12", hes bead 
va a 
- 2 “a @ (TWO USED AT 4 PLACES) 
Zo 31 (4 PLACES) 
“7 7 : 312" DIAMETER ELEMENT 
30 (4 PLACES) = - MOUNTING HOLE 


i 4 DS : 1 
: ae 196" DIA. 
# NOLES |- it? a2 "i HOLES 4 | y 


a oo tN ) 
as af 33 as \ 


Figure 1 Boom 
Assembly 


After assembly, the boom-to-mast bracket may 
be rotated on the boom so that after mounting, 
the elements are in an "X" configuration. 
Securely tighten the 1/4"-20 x 3/4" hardware. 
When the bracket is in the desired position. 


ASSEMRT.Y OF DRIVEN FILRMENTS 


-Select the four (4) driven element halves, 
7/16" 'x 18-1/2" (Item 12), T-Bar (Item 13), 
boom-toelement strap (Item 14), and driven 
element clamps (item 22) and associated 
hardware as shown in Figure 2. 


Assemble the two driven elements to the boom 
as shown in Figure 2. The distance from the 
boom to the edge of the driven element clamps 
(Item 22) should be 8 5/16" (21 cm). Securely 
tighten all hardware. When the coax/switch 
assemble is installed later, you will decide on 
either LHCP or RHCP from the unswitched 
polarization. 


22 (4 PLACES) 
a 


14 (TWO AT 2 PLACES) 


20 (4 PLACES) = 


ASSEMBLY OF OTHER ELEMENTS 


Select the two reflector elements, 3/16" x 39 
1/2" (Item 1), marked with 2 black bands near 
one end of each. Also select four insulators 
(Item 21) and four - 3/16" pushnuts (Item 28). 
Install the reflector elements on the rear boom 
as shown in Figure 2. Push one of the element 
insulators (Item 21) onto each reflector, so that 
its shoulder is 19 1/8" from the nearest end. In- 
sert the long end of each reflector into the 
reflector mounting holes, as shown in Figure 2. 


Ther Mo. Description 
1 Reflector, 3°16" 2 99 12" 
i D1, Nie ste 
3 Te2, 316" 2 34 14" 
10 Boom, seat, | D4" 2 56" 
Wz Doven Element, 7/16" 2 18 1/2" 
13 T-bar, Ls 
4 Stmp, bowmo-element 
PI) Caplig, 716" 
4 | Ingulator, Slement 
rt | ee, # 10-24 » Ld", hex head 
HM Bole, #1034 9 1 12°, hex head 
a Bolt, #10-24 9 1°, hex bead 
26 Eee, 1"-20l 0 4", eee head 
a] Push, 31.6" 
fa Mud, #10-24, hex 
yy Mud, 1°30, hex 
cr Lockwasiver, 10" internal 
34 Lockwasker, #16 internal 
ee Bole, #10-24 x 2" 


38-34-29 (2 PLACES) 


Figure 2 Assembly of Driven 
Elements, Reflectors and 
Directors to Boom 


Slide another element insulator over the other 
end of the reflectors and push it onto each 
element until it seats into the mounting hole. 
Each element insulator should fit snugly into 
the mounting hole. Recheck the exposed 
length of the reflector and reposition if 
necessary. 

Carefully slip the 3/16 inch pushnuts (Item 
28) over each end of the two (2) reflectors, 
and push them along each element until they 
are snug against each element insulator. 
Check the exposed lengths of each reflector 
during this process, to ensure the correct 
dimensions. 

NOTE: You may wish to use a hollow 
handled nut driver or a short length of tubing 
to help push on the element insulators and 
pushnuts. If you accidentally slide a pushnut 
on too far, then you should cut it off the 
element and try again with one of the spare 
pushnuts. 


Item Hise Total Length 
No. Part No. Inch mm 


Select one each of elements D1 and D2. Iden- 
tify these elements by the length and color 
bands listed in Table 1. Install these elements 
on the rear boom section in the horizontal set 
of holes shown in Figures 1 and 2. Start with 
D 1 adjacent to the driven element. Use the 
insulators and pushnuts, and assemble in the 
same manner as described earlier. 


Select one element - D1. Install this element 
on the rear boom section in the vertical set of 
holes shown in Figure 2. D1 is adjacent to the 
vertical driven element. Use the insulators, 
pushnuts and methods as described for the 
other elements. 


Select one each of elements - D3, D4, D5 and 
D6. Install these elements on the front and 
mid-boom sections in the horizontal set of 
holes shown in Figures | and 3. 


Exposed Length Color 
Inch -- mm Band 


1 160067 | R | 391/2 1003 19 1/8 -- 486 Black (2) 
2 160068 252 17 1/8 -- 435 
3 160069 351/4 17 -- 432 


4 160070 16 7/8 -- 429 
5 160071 343/4 16 3/4 -- 425 
6 160072 341/2 16 11/16 -- 424 


ye COLOR BAND(S) 


EXPOSED y | 
LENGTH 


Se 


TOTAL LENGTH 


| 4 EXPOSED 
LENGTH 


Table 1 Element Length & Color Band 
Identification 


ltem No Description 
D2, 3/16" x 35 1/4" 
D3, 3/16" x 35" 

D4, 3/16" x 34 3/4" 

D5, 3/16" x 34 172" 
D6, 3/16" x 34 1/4" 
Boom, front, 1 1/8" x 57 1/4" 
Boom, mid, 1 1/4". x 57 1/2" 


WoT AN A dw 


Figure 3 Assembly of Directors 
to Boom 


Select the remaining elements - D2, D3, D4, D5 
and D6. Install these elements on the front and 
mid-boom sections in the remaining holes in the 
vertical plane. Refer to Figure 3. 


After the installation of all elements, check each 
exposed length from Table 1. Also check each 
set of elements to make sure they are in the 
proper order. If any element has to be adjusted 
or moved, there are extra pushnuts supplied for 
partial reassembly. 


ATTACHMENT OF COAX ASSEMBLY 


Select the coax/circularity-switch assembly 
(Item 17), the No. 8 hardware (Items 35, 36, and 
37), and the No. 10 hardware (Items 23, 29, and 
34). Attach one of the two sets of terminals to 
the front driven element's T-hars (Item 13), as 
shown in FILUre 4. The No. 8-32 x 1/2 bolt is 
used with the square lug=, and the No. 10-24 x 
1/2 bolt is used with the round luL,. To achieve 
proper phasing, attach the feedpoint solder lugs 
as shown in Figures 5 and 6. 


Use black electrical tape, and secure this The other coaxial cable coming from the 
coaxial cable to the boom on both sides of the coupler tube should go around the boom and 
rear D 1 element. loop backwards to attach its terminals to the 


ae 


~ 


rear driven element's T-bars, as shown in 
Figure .4. Use black electrical tape to secure 
this-coaxial cable and the extra loops of small 
coax. 


AO -0216-C-004 


” 
f 


35 - 36-37 
(2 PLACES) 


23-34-29 (2 PLACES) 


Item No. Description 
17 Coax Assembly, OSCAR 145 MHz 
23 Bolt, #10-24 x 1/2" 
29 Nut, #10-24 hex head 
34 Lockwasher, #10 internal 
35 Bolt, #8-32 x 1/2 
36 Lockwasher #8, internal 
37 Nut, #8-32, hex 


Figure 4 Attachment of Coax 


Assemhlv 


NOTE: Looking at rear 
end of boom and encap- 
sulated feed points. 


Figure 5 Feedpoint Orientation 
for LHCP in the Unswitched 


Mode 


NOTE: Looking at rear 
end of boom and encap- 
sulated feed points. 


Figure 6 Feedpoint Orientation 
for RHCP in the Unswitched 


NOTE: To achieve LHCP in the unswitched 
mode, the feedpoint solder lugs should be 
positioned as shown in Figure 5. To achieve 
RHCP in the unswitched mode, the feedpoint 
solder lugs should be positioned as shown in 
Figure 6. 

The opposite polarization results when 10-14 


volts DC is applied to the red and black wires. 


The black wire is at ground potential, and is 
directly connected to the shield of the coax, 
therefore a single wire may be used to switch 
this antenna if the minus (-) side of the switch 
power supply is connected to the shield of the 
coax in the "shack". 


Mode 


Either LHCP or RHCP will result if these at- 
tachment procedures are not followed (random 
attachment). The opposite polarity results 
when switched. 


Each set of elements may be used inde- 
pendently for vertical and horizontal 
polarization if separate connections are made 
to each of the driven element's T-bars. Each 
set of eight elements will require its own 
feedline to the "shack". Each will produce 11.5 
dBd gain. 

The connections to each driven element would 
require a 4:1 coaxial balun and a split-coax 
feed. The "OSCAR" coax assembly should be 
removed and saved for later use. 


144.0 145.0 146.0 147.0 148.0 
FREQUENCY (MHz) 
Table 2 
VSWR 
Chart 
INSTALLATION 


The 216 SAT OSCAR Beam may be center 
mounted, and a fiberglass or other type of 
nonconducting boom must be used to achieve 
circular polarity. The boom-to-mast bracket 
will fit booms with 11/4" - 15/8" diameters. 


The DC switching cables and feedline must 
be routed off the rear of the boom to achieve 
circular polarity. A low loss cable such as 
Belden 8214 or 9913 should be used with 
UHF (PL259) connectors. 


WARNING: 


Do Not allow any part of the antenna to 
touch power lines. This could cause 
severe burns or fatal injuries. 


When mounting the 216 SAT OSCAR Beam 
above any other antennas, allow at least 6.5 
feet for clearance of the rear hoom. 


When mounting the 216 SAT OSCAR Beam 
on a common horizontal boom with other 


beams, allow at least 5 feet (center-to-center). 


The elements should be at a 45 degree angle 
with respect to the boom. This will minimize 
interaction between the antennas 


NOTE: If you plan to use large diameter, 
heavy coaxial cable or if it is likely that the 
cables may accumulate ice, you will need to 
adjust the position of the boom-to-mast 
bracket on the 2 meter antenna boom for a 
good balance. This bracket is shown between 
horizontal elements D3 and D4. It may be 
placed behind the horizontal D3, so that the 
elevation rotator can turn freely in both 
directions through the desired range. In 
addition, counterweights may need to be 
added to the front of the booms (if the 70cm 
beam is also used) in extreme cases. The 
coaxial cables should be secured high on the 
vertical support mast to minimize the un- 
supported weight. 


SERVICE 


If you are unable to resolve technical 
problems, you should contact the Telex/Hy- 
Gain Customer Service Department in 
Minneapolis. Minnesota. 


You should retain your sales receipt or other 
proof of purchase for antennas that are still 
under warranty. (See separate sheet for Telex 
Warranty.) 


PARTS LIST 


Part No. Description Qty 
160067 Reflector. 5116 2039 Myo tesco: enti ecasets ches duditeasanseoassaatnielavoiad toulianes 2 
160068 Me SIG XA oe stecete Sys ses tater anal este add sacs lands Steen at aaa 2 
160069 TOD BIG te 1A sa ceapeeutemiadt atau ataieeionien stein anorenss 2 
160070 BS SAG! Se 3 Yo cesta tase ootetla asa saneteah aso eau aa SE ORES 2 
160071 TABI ie BA) ed osha cnc ceeds cccestivay vcd Sasha vat denna eso eoee etn eseaes 2 
160072 DD SILO: BOSE D Scie cecttesacaisileatzatieaaiie Heteasdhs tal bacaia Rs WE Neewtaad a e 2 
160073 TDG; 3716 2 SAAS oc cirtowianceantainaieatiesee ace mates ener 2 
173183 BOOM Ton PES OK ST WAL tet enacateasatslcedla Maneater dakeiiasnt 1 
173184 Hic {ev0) bu a0 1116 Poel Oi 6 tie, oe 0 be mR ce eon Me A 1 
173185 Boom, rear, WjVE3G6 cxscucs sae Guadciauanatdwatiainas 1 
173186 Boon splice 18 RAE a tcscssutinsas Artetath ssepseice auction ieee ss 1 
173187 Driver element: F/1G~ XLS BD secure tiiace ask luid ces chavnatitaea veisuna ulaee et 4 
173188 Bia 18 aise dale dMan Peace a oaks Boeck es Saco Desh ear Seis 2 4 
160055 BOOMAtG-ClEMENL SULA 2. assassosconsadeqaanastaiye doreteaeaeepeventoseanduen nase’ 4 

385142-1 Clamp, BOOM=10=MASt ci sacciekinianndi hei Kadneeeenuiida 1 

385144-1 PAGE: AC KAU a. svcseiosevs sessed conand spins tes taae wetuteetetoaealoweeis uaasdeyeracees 1 
877888 Coax Assembly, OSCAR 145 MHZ ou... ecceesesseeeeesesceeesenseeeseeeeeees 1 
877886 Parts Pack: 216S- Insulators: tcitcsasate stead seed oeasteaier 1 

450421 CApiig, LATS: o DIME A Gretna ated dita tudon ancnttasa ender: 1 
455630 Capi, Us DIAC Ka calicadtendcast coneersen tatueee minassacae eas 1 
455644 ClO AAC K yes assesct seth os evccs vel aushcan densi oats asrechier ssn nssuambineds 4 
460337 Sul ator, Clement .2:.007 daciass tls ates ocetemeneiditaltcionnetdlcs 28 
877887 Parts Pack 2168 = Hard Wate is..saccistexaieasiestomsisesantaeiaeantiumties 1 
160074 (lainp 7 Cry cise lenient, wintcitsscson aides sacbsdalt ast aaell aioe ius Uilaaan 4 
500158 Bolt, #10-24 x 1/2", hex head.............cccsscssssssscssssessesessesessessssssseeees 8 
500159 Bolt, #10-24 x 11/2", hex head ............scscsscsessesocsessrsorsessesenssseseers 4 
504069 Bolt 1024 xis Mex NCA ss .3s. Sos adutaseres le etatoreeectees sesame 4 
505266 Bolt, 1/4 20% 3/4F estas smeieteek cad aaielceces ie seeiden Gaaa Oana 8 
380809 Webolt; S/1G" = 18) L318 susie occcsevass Seiske dean jeed Aostvacsiledenaseessvsasidac 2 
55008 1 PUSHES SAO AD 8 steel the lit a bas i atest 40 
554071 DUNE FE SOE EK oo aoe cada descr oshldatarsadilae Datu gtacacialassltua manta heed 20 


554099 INUty A) 20 OX: asatsaniisininsdetersoctss ais teviavaianii donnie ainisueuniaaeen 8 


PARTS LIST 


Item 

No. Part No. Description Qty 

877887 Parts Pack 216S - Hardware (Continued) 
31 Noa ANU HE 5/ 16 ol Oise crershisautanateerii nena aoaarn honk 4 
32 562961 Lockwasherts 1/4) internalisywatvscsetia aveatistvalavsctendaacaitea ica eaacien 8 
33 564792> “Lockwashert, Split SIG. wisiccicsicte ats nnsiiiis ndainleieiaacnadnaaie 8 
34 565697 Lockwasher. FLO intemal 1: sts, ccdoveestanseaivemuriniiaobivmeisieats 20 
35 SOULS: - Bol 8-32 6 172 hs ave aieaassachamiingaeanseie danranneuine 2 
36 560035 hock washers: Mterial us c.ecsiiienaedieeneenauriienielalos hues 2, 
37 550063 IN UU, S32, OK ctaiete iis nis eattaaie lee ert seed eas waded igo narantees 2 
38 500157 Ol Oa Re icc seaside aa 
FRACTION AND METRIC EQUIVALENTS 
METRIC CONVERSION Een One INEM 


Converting American measurements to Metric: 
Using the scale below to identify lengths of 
bolts, diameters of tubes, etc.. The American 
inch (1") and foot (1') can be converted in this 
way. 


1 inch (1") = 2.54 cm 1 


foot (1') = 30.48 cm 
Example: 42" x 2.54=106.7cm Table 2 


Fraction And Metric Equivalents For One Inch 


meric at gh ah gp gp gp go high Mat bp fist lial is 


